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REMOVAL OF CHROMUM FROM SOLUTION 
USING FERROUS SULFATE AND BARUM 

NTRATE 

FIELD OF THE INVENTION 
This invention relates to a method for removal of 

hexavalent chromium from aqueous solutions, and more 
particularly, to the reduction of hexavalent chromium 
to trivalent chromium by reacting a chromium-con 
taminated sodium nitrate solution with an aqueous 
slurry consisting essentially of ferrous hydroxide and 
barium sulfate. 

BACKGROUND OF THE INVENTION 

Aqueous sodium nitrate solutions are among those 
used in industry to electrochemically machine articles 
made from stainless steel alloys. As known, stainless 
steel alloys contain varying amounts of chromium. 
Thus, when stainless steel alloys are electrochemically 
machined, part of the chromium metal in the alloy is 
converted to hexavalent chromium and remains in the 
aqueous sodium nitrate solution. 

Hexavalent chromium accumulates in sodium nitrate 
solutions and is highly soluble over a wide range of pH. 
Since electrochemical machining (ECM) solutions are 
continuously reused, the build-up of hexavalent chro 
mium poses potential environmental concerns, as well 
as possible health hazards to machine operators. In 
order to efficiently and safely reuse the aqueous sodium 
nitrate solutions, there is a need to develop a method 
that reduces hexavalent chromium to less toxic trivalent 
chromium, and removes chromium from ECM solu 
tions without introducing unwanted ions. 
A well-known method for removing chromium from 

electrolytic solutions involves ferrous ion reduction of 
hexavalent chromium to trivalent chromium. Typically, 
ferrous sulfate or ferrous chloride is employed as the 
reducing agent. The result is a mixture of iron hydrox 
ides and chromic hydroxides which are precipitated 
under alkaline conditions. One drawback to ferrous ion 
reduction is that the sulfate or chloride ions remain in 
solution as unwanted ions. If ferrous nitrate were corn 
mercially available, it could be used and would not 
introduce unwanted ions to the solution. 
Copending commonly owned application Ser. No. 

08/080549 discloses a method to remove unwanted 
sulfate ions from chromium-contaminated sodium ni 
trate solutions. Along with ferrous sulfate, barium ni 
trate is added to the machining solution so that the 
sulfate is precipitated as insoluble barium sulfate. So 
dium hydroxide is then utilized to raise the pH and 
complete the precipitation of the iron and chromium 
species as hydroxides. Unwanted sulfate ions are re 
moved and the machining solution is suitable for reuse. 
To avoid mixing reagents in and adjusting the pH of 

the entire volume of an electrochemical machining 
solution, there is a need for an inexpensive and efficient 
method of introducing a concentrated ferrous reducing 
agent to the solution without introducing unwanted 
ions to the solution. 

SUMMARY OF THE INVENTION 

The present invention fulfills the need by providing a 
safe, inexpensive method for removing hexavalent chro 
mium from electrolytic solutions, such as sodium nitrate 
electrochemical machining solutions. The method is 
based on admixing a sufficient amount of an aqueous 
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2 
slurry comprising ferrous hydroxide and barium sulfate 
with an aqueous sodium nitrate solution. Upon the addi 
tion of the aqueous slurry to the electrolytic solution, 
ferrous hydroxide reduces the hexavalent chromium in 
solution to less-toxic trivalent chromium. Concurrently, 
the trivalent chromium is precipitated as chromium 
hydroxide due to the alkaline pH of the sodium nitrate 
solution. As a result, substantially all the chromium is 
removed from the electrolytic solution without the 
addition of unwanted ions or having to alter the pH of 
the electrolyte. 

This invention avoids the problems associated with 
other ferrous ion reduction methods whereby addi 
tional unwanted ions, such as sulfates or chlorides, re 
main in solution requiring subsequent treatment for 
their removal. In the present invention, the sodium 
nitrate solution is restored to its original condition fol 
lowing the removal of chromium, as trivalent chro 
mium hydroxide, and other insoluble materials. The 
electrolytic properties of the aqueous sodium nitrate 
solution are retained and the electrolyte may be reused. 
One of the major benefits of this method is that suffi 

cient ferrous hydroxide can be generated in a concen 
trated slurry. By so doing, a small amount of the ferrous 
hydroxide slurry can be used to treat a much larger 
volume of sodium nitrate electrolyte. 
Another aspect of this invention is to provide a pro 

cess that reduces hexavalent chromium to trivalent 
chromium and at the same time, precipitates the triva 
lent chromium as a hydroxide without lowering or 
raising the pH of the electrolytic solution. Thus, upon 
adding the alkaline slurry to the sodium nitrate solution, 
trivalent chromium hydroxide is formed as a precipitate 
at the electrolyte's operating pH. 

Still another aspect of the present invention is to 
provide a process for reducing and renoving chromium 
material from aqueous sodium nitrate solutions without 
using compounds that introduce unwanted ions. By 
admixing the alkaline ferrous hydroxide slurry with the 
aqueous sodium nitrate solution, the reduction of nitrate 
ions to nitrite ions or other lower valence nitrogen 
compounds is avoided. 

Importantly, the practice of this invention reduces 
the sodium nitrate solution's toxicity and its potential 
hazard to machine operators and the environment. This 
invention can also be utilized to remove hexavalent 
chromium from sludge formed during electrochemical 
machining operations. 

DETAILED DESCRIPTION OF THE 
INVENTION 

To remove hexavalent chromium from an aqueous 
sodium nitrate electrochemical machining electrolyte 
or sludge, a sufficient amount of an aqueous slurry com 
prising ferrous hydroxide, Fe(OH)2, and barium sulfate, 
Ba(SO)4, is added to chemically reduce all the hexava 
lent chromium to trivalent chromium. A sufficient 
amount of the slurry is at least three moles of ferrous 
hydroxide per mole of hexavalent chromium. The three 
moles of ferrous hydroxide per mole of hexavalent 
chromium is also referred to as the stoichiometric 
amount of reactants needed to produce one mole of 
trivalent chromium and one mole of ferric hydroxide. 
However, in the practice of this invention, more than 
three moles of ferrous hydroxide may be required be 
cause ferrous hydroxide is also consumed by oxygen 
dissolved or entrained in the electrolyte. Thus, an ex 
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cess of the stoichiometric amount of ferrous hydroxide 
is preferred to assure substantially complete reduction 
of hexavalent chronium to produce trivalent chro 
nium. 
The pH of the sodium nitrate electrolyte is usually 

operated between about 8 and about 10. As a result, the 
trivalent chromium forms as precipitated chromic hy 
droxide, Cr(OH)3, upon the addition of the alkaline 
slurry to the electrolytic solution. The alkaline slurry 
has a pH of at least 8, and preferably between 9 and 10. 

The aqueous slurry is generated by reacting ferrous 
sulfate, barium nitrate, and sodium hydroxide in water 
or an aliquot of the ECM solution. Such reactants are 
added in proportions which produce precipitated fer 
rous hydroxide and precipitated barium sulfate, sus 
pended in a solution which contains sodium nitrate and 
traces of barium ions and sulfate ions. This is accom 
plished by mixing essentially equal numbers of moles of 
ferrous sulfate and barium nitrate. 
A convenient way of producing the alkaline slurry is 

to add solid barium nitrate and solid ferrous sulfate 
heptahydrate to an aliquot of the ECM electrolyte. The 
mixture is stirred until the reactants are completely 
dissolved in the electrolyte solution and barium sulfate 
has precipitated. The barium sulfate can be removed at 
this point by settling or filtration, but this is not neces 
sary. Ferrous hydroxide is then precipitated by adding 
10 sodium hydroxide until the pH of the slurry is greater 
than 8, and preferably between 9 and 10. 
Upon addition of the slurry to the ECM electrolyte, 

ferrous hydroxide is oxidized by hexavalent chronium 
to precipitate ferric hydroxide. Barium sulfate remains 
an insoluble material in solution. The mixture is stirred 
for several minutes to an hour, and the precipitates, 
insoluble material, and sludge are separated from the 
electrolyte by conventional means, such as settling, 
clarification, or filtration. 

After the removal of chromium hydroxide and insol 
uble materials from the electrolyte, if necessary, the pH 
of the ECM solution is adjusted to its operating range 
with sodium hydroxide or nitric acid. Likewise, the 
concentration of sodium nitrate in the electrolyte is 
adjusted by the addition of sodium nitrate salt or by the 
addition of water. The concentration of the aqueous 
sodium nitrate solution ranges from about 50 grams per 
liter to about 600 grams per liter. The preferred operat 
ing concentration is about 270 grams per liter or three 
molar. 
The net result of these operations is to remove essen 

tially all of the chromium, as chromium hydroxide, 
from the electrochemical machining solution without 
introducing adulterating compounds that might inter 
fere with the process. 
The invention is illustrated by the following exam 

ples. 

EXAMPLE 1. 

Solution. A was made comprising 8.63 ppm (wt) hexa 
valent chromium and 270 grams per liter sodium nitrate. 
The chromium was in the form of sodium chromate. 

Mixture B was made by adding 4.003 grams ferrous 
sulfate heptahydrate and 3.782 grams barium nitrate to 
58.77 grams sodium nitrate solution (270 grams per 
liter). The mixture was stirred for about one hour at 
which time no residual barium nitrate crystals were 
visible. A fine, pale-green precipitate had formed, and 
the pH was about 5, determined using pH paper. To this 
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4 
mixture was added 7.0 grams of 5N sodium hydroxide 
with stirring. A thick slurry of dark green precipitate 
formed, and the pH was greater than 8. 
Approximately a 5% stoichiometric excess of mixture 

B was added to solution A, and the solution was stirred. 
The theoretical amount of ferrous ion required to re 
duce hexavalent chromium to trivalent chromium is 
three moles per mole of hexavalent chromium. The 
precipitate quickly turned brown except for a few visi 
ble particles. After five minutes of stirring, the solution 
was centrifuged. The supernatant was analyzed by visi 
ble light absorption at 372 NM and found to contain 2.5 
ppm hexavalent chromium. After 26 minutes of stirring, 
the supernatant contained 1.5 ppm hexavalent chro 
mium. The pH of the solution was about 6. 

Additional mixture B was added to a total stoichio 
metric excess of 48%. After an additional 20 minutes of 
stirring, the supernatant contained 0.05 ppm hexavalent 
chromium, and the pH was about 6. The uncertainty in 
the measurement was about 0.05 ppm. 

EXAMPLE 2 

Solution C was made comprising 8.4 ppm (wt) hexa 
valent chromium and sodium nitrate with a concentra 
tion of 270 grams per liter. Two drops of 5N sodium 
hydroxide were added, and the resulting pH was ap 
proximately 12 using pH paper. 
Mixture D was made by adding 2.01 grams ferrous 

sulfate and 1.907 grams barium nitrate to 50.15 grams of 
sodium nitrate solution (270 grams per liter). The mix 
ture was stirred for one-half hour. Sodium hydroxide 
solution, 4.98 grams of 5N sodium hydroxide, was 
added while the mixture was stirred. The pH of the 
solution was greater than 12. 
An aliquot of mixture D was added to solution C with 

stirring. The amount of ferrous hydroxide calculated to 
be in the aliquot was 68% stoichiometric excess over 
that necessary to reduce all the hexavalent chromium. 
The solution remained alkaline. After one-half hour of 
stirring, the solution was centrifuged. The concentra 
tion of hexavalent chromium in the supernatant was 0.5 
ppm (wt). The major reason that excess ferrous hydrox 
ide is required is that for each 1 ppm oxygen in the 
solution, 23% excess ferrous hydroxide is consumed by 
the oxygen. 
These examples illustrate that hexavalent chromium 

can be removed to less than 1 ppm by essentially simul 
taneous reduction by ferrous hydroxide and precipita 
tion as trivalent chromium hydroxide in solutions rang 
ing from slightly acidic to strongly alkaline. Because all 
the iron, barium, and sulfate are precipitated out of 
solution, the net result of the treatment is to remove the 
hexavalent chrome without adding extraneous ions. 
What is claimed is: 
1. A method for removing hexavalent chromium 

from an aqueous sodium nitrate solution containing 
hexavalent chromium, comprising the steps of: 
admixing ferrous sulfate and barium nitrate with an 

aliquot of the aqueous sodium nitrate solution to 
form an admixture; 

stirring the admixture of ferrous sulfate, barium ni 
trate, and the aliquot of the aqueous sodium nitrate 
solution until the ferrous sulfate and barium nitrate 
are completely dissolved, thereby precipitating 
sulfate ions as barium sulfate; 

precipitating ferrous hydroxide by adding sodium 
hydroxide to said admixture until the pH is be 
tween about 8 and about 10, thereby forming a 
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slurry comprising ferrous hydroxide and barium duce hexavalent chronium to trivalent chromium 
sulfate; and thereby removing said hexvalent chromium from admixing the slurry comprising ferrous hydroxide 
and barium sulfate to the aqueous sodium nitrate the sodium nitrate solution. 
solution containing hexavalent chromium to re- 5 ck k k k k 
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